Aims: This study examined clinical factors associated with sex differences in the use of acute reperfusion therapy (fibrinolysis or primary percutaneous coronary intervention) in ST-elevation myocardial infarction (STEMI) patients, and the interaction between sex and these factors in Sweden and Canada. Methods: Patients with STEMI in Sweden (n=32,676 from the Register of Information and Knowledge about Swedish Heart Intensive Care Admissions) were compared with similar patients in Canada (n=3375 from the Canadian Global Registry of Acute Coronary Events) for the period 2004-2008. Results: Unadjusted vs. age-adjusted odds ratios (OR) for no reperfusion (women vs. men) were for Sweden 1.57 (95% CI 1.49-1.64) vs. 1.14 (95% CI 1.08-1.20), and for Canada 1.61 (95% CI 1.39-1.87) vs. OR 1.18 (95% CI 1.01-1.39). Sex differences persisted after multivariable adjustments (including prehospital delay, atypical symptoms, diabetes), factors for which no interaction with sex was found. Among women <60 years, adjusting for atypical symptoms in Canada and angiographic data in Sweden made the greatest contribution to explaining observed sex differences. Conclusions: In both countries, acute reperfusion therapy in STEMI was used less often in women than in men. Factors associated with these sex differences appear to differ between older and younger women. Targeted interventions are needed to optimize care for women with STEMI, as well as sex-and age-stratified reporting of quality indicators to assess their effectiveness.
Introduction
International guidelines recommend the use of acute reperfusion therapy (fibrinolysis or primary percutaneous coronary intervention (PCI)) in ST-elevation myocardial infarction (STEMI) for both men and women. 1, 2 While the benefits of reperfusion therapy do not differ by patient sex, multiple previous studies have found women to be at increased risk of not receiving guideline-concordant care for STEMI. [3] [4] [5] [6] Recent studies from Canada and Sweden have raised concerns that the sex disparities in utilization of evidence-based therapies, including reperfusion in acute coronary syndromes (ACS) persist. 5, 6 Do clinical factors explain persistent sex disparities in the use of acute reperfusion therapy in STEMI in Sweden and Canada?
While higher age and associated comorbidities in women with myocardial infarction (MI) have been suggested as explanations for this sex difference in management, reasons in younger patients have been less well studied. 7 Accordingly, in order to eliminate sex disparities in STEMI care, studies performing age-stratified analysis on the effect of contributing factors are needed. For this purpose, use of registry data has advantages over clinical trial data as registries provide a more representative spectrum of patients seen in clinical practice. Comparing the delivery of care in different healthcare systems provides an opportunity to better understand factors that can lead to interventions aimed at optimizing patient care. The aim of the study was to investigate how common clinical confounders are associated with provision of reperfusion therapy in STEMI and whether sex has a residual explanatory effect after adjustment for these confounders when stratifying by age.
Methods

Patient population and data collection
Data from the Register of Information and Knowledge about Swedish Heart Intensive Care Admissions (RIKS-HIA) and the Canadian Global Registry of Acute Coronary Events (GRACE) were used. 8 RIKS-HIA includes all patients admitted to coronary care units of all hospitals in Sweden. Patients with ACS and admitted to general medical wards are not included. Information for each MI is kept on electronic case record forms, including over 100 variables, such as demographic data, clinical characteristics at admission, in-hospital treatment, and medications at admission and discharge. The data collection and details of GRACE methodology have been previously published. 9 Briefly, GRACE was a prospective multinational registry initiated in 1999 designed to provide a sample population of patients presenting with acute coronary syndromes across numerous geographic regions. Beginning in 2003, an expanded GRACE (GRACE2) enabled enrolment of patients with ACS by additional hospitals and countries, including Canada. 10 After enrolment in the main and expanded GRACE registries were completed in 2007, Canadian recruitment continued until the end of 2008 (Canadian Registry of Acute Coronary Events (CANRACE)). Entry criteria were identical for GRACE, GRACE2, and CANRACE: patients eligible for enrolment into the registries were ≥18 years presenting with a presumed diagnosis of ACS requiring hospital admission. Patients with a secondary cause (e.g. bleeding, trauma, post-operative) for an ACS were excluded. The presumed diagnosis of ACS was based on symptoms consistent with ACS and at least one of the following: a documented history of coronary artery disease, ischaemic electrocardiographic (ECG) changes consistent with ACS, or positive biomarkers indicative of myocardial necrosis. Using predefined criteria, ACS diagnoses were classified as STEMI, non-STEMI, and unstable angina. At all registry sites, trained personnel were instructed to enrol the first 10-20 consecutive patients each month to assemble an unselected study population, and data were recorded by means of a standardized case report form. Patient demographics, medical history, clinical presentation, laboratory findings, treatment, and outcomes were recorded.
In the current analysis, we included patients receiving a final discharge diagnosis of STEMI (ICD10 I21) between 1 January 2004 and 31 December 2008 from these Swedish and Canadian registries. By definition, our cohort includes patients with symptoms and ECG changes (i.e. ≥0.1 mV of ST-segment elevation in two or more contiguous leads, or new/presumed new left bundle branch block (LBBB)) consistent with acute cardiac ischaemia. For RIKS-HIA, only patients with their first recorded admission for MI during the registration period were included (n=32,676). For GRACE, all MI admissions were included but due to the systematic sampling procedure multiple visits were unlikely to occur (n=3375).
The study complies with the Declaration of Helsinki. All patients included in the registries were informed of their participation. The RIKS-HIA registry was approved by the Swedish National Board of Health and Welfare and Swedish Data Inspection Board. In the case of GRACE, study approval was provided by the local hospital ethics committee/institutional review boards.
Definitions and study variables
Acute reperfusion was defined as fibrinolysis or primary PCI. The acute reperfusion variable does not include catheterization without revascularization as the definition differed between the two countries; in RIKS-HIA there is a variable for catheterization without revascularization as a method of primary reperfusion, whereas for Canada this variable includes all cases of in-hospital catheterizations. A subgroup analysis was therefore only performed for Sweden.
Candidate variables associated with acute reperfusion were based on clinical importance and included: age (18-59, 60-74, 75-89 years); Killip class; LBBB; presentation without chest pain; time from symptom onset to first ECG exceeding 12 hours; kidney function; chronic warfarin usage; contraindication for fibrinolysis; diabetes mellitus; prior MI; prior cerebrovascular accident (CVA); prior congestive heart failure (CHF); prior PCI; prior coronary bypass surgery (CABG). 7 On-site cardiac catheterization capability as a variable was only obtainable for Canada.
As not all variables were identical in the two databases, construction of the following variables was done. Killip class in RIKS-HIA was constructed using a combination of the degree of pulmonary rales on lung auscultation at admission and cardiogenic shock. In RIKS-HIA, presentation without chest pain has been constructed from the reason for admission variable and refers to all symptoms other than chest pain. Presentation without chest pain for the Canadian data was estimated as any presumptive admission diagnosis other than ACS. Glomerular filtration rate (GFR) was estimated from serum creatinine using the Modification of Diet in Renal Disease equation. Kidney function was classified according to the American National Kidney Foundation. 11 
Statistical methods
Data were tabulated using frequencies and percentages stratified by age group, sex, and country. Simple comparisons of median age were made using a one-sided Mann-Whitney test. Two multiple logistic regression models, one per country, were used to determine if female sex was associated with not receiving acute reperfusion, while controlling for the effect of relevant confounders. The effect of including in-hospital death as an explanatory variable was tested for each model. The final parameter estimates for the two countries were converted to odds ratios (OR) with a corresponding Wald CI. For the younger age group (<60 years), the basic data for Canada is sparse for women. Considering the large number of possible confounders, a subgroup analysis was therefore performed for both countries. Receiver operating characteristic (ROC) curve analysis based on the two main models was performed within each age-sex group. Country differences were tested separately in an aggregated model that included the same variables and interactions as the two separate models. A two-sided type I error of 0.05 was used to indicate statistical significance. All analyses were performed with SAS version 9.3 (SAS Institute, Cary, NC, USA).
Handling of missing data
Variables used in the modelling with more than about 5% missing observations were for Sweden Killip class, kidney dysfunction, fibrinolytic contraindication, prior CVA, and prior CHF, and for both countries, time from symptom onset. Age differences were apparent for time from symptom onset, fibrinolytic contraindication, prior CVA, and prior CHF. Overall, missing observations were more common in older compared to younger patients and were randomly distributed over sex. Missing data was generally not imputed but set to 'No'. The effect of this was carefully monitored during the modelling process.
Results
Study population
Baseline demographic data and clinical admission characteristics are presented in Table 1 . Women represented 29% of patients in Canada and 34% in Sweden. In general, Canadian patients were younger than Swedish patients, which may reflect differences in the prevalence of risk factors. In Canada and Sweden, 46 vs. 28% of the men and 25 vs. 13% of the women, respectively, were under the age of 60 years. Women compared to men in both countries were older and had more risk factors, including hypertension, diabetes mellitus, CHF, and previous CVA, whereas more men had a previous history of MI and prior revascularization. Similar trends in sex differences of admission characteristics between women and men were observed in both countries.
In both countries, in patients younger than 60 years, a higher proportion of women than men were current smokers, had diabetes mellitus, and presented with a higher Killip class, LBBB, and kidney dysfunction. Presentation without chest pain occurred in 8.8% of women and 3.8% of men in Canada, compared to 4.7% in women and 3.5% in men in Sweden. Time from symptom onset to first ECG >12 hours was prevalent in 13% of women and 9% of men in Canada and in 11% of women and 11% of men in Sweden. Coronary angiography without revascularization was performed in 4.8% of women and 2.3% of men in Sweden.
Sex, age, clinical confounders, and reperfusion
Female sex was associated with less use of reperfusion in both countries. Overall crude ORs for no reperfusion (women vs. men) were for Sweden 1.57 (95% CI 1.49-1.64) and for Canada 1.61 (95% CI 1.39-1.87). Adjusting for age reduced the ORs to 1.14 (95% CI 1.08-1.20) in Sweden and 1.18 (95% CI 1.01-1.39) in Canada. No reperfusion was more common in older compared to younger women in both countries.
The ORs adjusted for sex and clinical confounders are shown in Table 2 . The magnitude of the sex difference was similar in patients ≥60 years for the two countries. In Sweden the largest sex difference was observed for patients <60 years; in Canada the number of patients included for this age group was smaller. In the overall sample no interaction between sex, age, and country was observed (p=0.450). The three factors independently associated with the highest likelihood of no reperfusion therapy in both countries were LBBB on admission ECG, time from symptom onset to first ECG >12 hours, and atypical symptoms at presentation. For these three factors no interaction was found with sex, and country interactions were only found for LBBB (p<0.001) for which rates of reperfusion were higher in Canada. In both countries diabetes was associated with less use of reperfusion but there was no significant interaction with sex. The ROC curves for the models in Table 2 (Figure 1) show that the confounding variables become more important the older a patient is. 
Subgroup analysis in patients younger than <60 years
In Sweden, women under the age of 60 were more likely to not receive acute reperfusion (OR 1.44, 95% CI 1.25-1.67), even after adjusting for the four most significant factors in this age group (i.e. LBBB, atypical symptoms, late arrival, fibrinolytic contraindication) and for diabetes mellitus as well (Table 3 ). Including coronary angiography without revascularization in the dependent variable reduced the OR to 1.29 (95% CI 1.10-1.51) in these younger Swedish women (Table 4 ). In a similar analysis for Canada, adjusting for symptoms other than chest pain at admission had the greatest effect on narrowing the observed sex differences. Angiographic information was not available for Canada.
Discussion
Women were less likely than men to receive acute reperfusion therapy in STEMI in both Sweden and Canada. In patients aged 60 years or older, the magnitude was similar in both countries even after adjusting for age, comorbidities, LBBB on admission, prehospital delay, and admission symptoms other than chest pain. In a subgroup analysis, even after adjusting for angiographic data, women in Sweden under the age of 60 were 29% more likely not to receive reperfusion compared to men. In Canada for women under the age of 60, adjusting for atypical symptoms made the greatest contribution to reducing observed sex differences. Two recent papers have been published on the topic including data from Canada and Sweden. 5, 6 The study by Nguyen et al. 5 included 50,096 patients hospitalized with an ACS (35% STEMI) during the period 1999-2007 from the multinational GRACE registry. In the study by Lawesson et al., 6 STEMI patients were included from two different time periods, 1998-2000 (n=15,697) and 2004-2006 (n=14,380) from the RIKS-HIA register in Sweden. Both studies found sex differences in utilization of evidence-based therapies, including reperfusion for STEMI, with women less likely to receive guideline recommended care. Our study draws on a more recent STEMI population Values are odds ratio (95% confidence interval). Country differences in effects (or in interaction of effects) are tested separately in an aggregated model. a Testing country difference in age-sex pattern and LBBB-lack of chest pain pattern, respectively. CABG, coronary artery bypass grafting; CHF, congestive heart failure; CVA, cerebral vascular accident; ECG, electrocardiogram; GFR, glomerular filtration rate; LBBB, left bundle branch block. and adds new insight into possible underlying reasons for these observed sex differences with respect to age.
How can we explain less use of reperfusion in older women?
Less use of acute reperfusion therapy among older women compared to men has been consistently reported in other studies. [3] [4] [5] [6] [7] In many of these studies this disparate use is explained by adjusting for age and associated comorbidities in women which raise concerns of an increased treatment risk in relation to benefit or due difficulties in initial diagnosis. The high predictive ability of our models (C-statistic), which include an extensive number of both baseline risk factors and admission characteristics, supports the fact that these factors largely explain the lower use of reperfusion in the elderly. However, what we also found was that, even after controlling for these factors, sex disparities persisted. The lack of interaction of these variables with sex, with the exception of age, may suggest a biased management of older women compared with men. In a study by Jani et al., 12 less optimal management of elderly women post MI was potentially related to physician uncertainty as to the benefits of treatment.
How can we explain less use of reperfusion in younger women?
The reasons for younger patients not to be treated according to guidelines is more puzzling than in the elderly. In the Swedish data we adjusted for the greater extent of nonobstructive coronary artery disease found in women compared to men, especially younger women, by including the variable coronary angiography without revascularization (i.e. used as a surrogate for no significant angiographic findings). However, this did not fully explain the sex difference. In the Canadian data, adjusting for atypical symptoms had the greatest effect on narrowing sex differences among younger patients. Atypical symptoms are associated with patient delay in seeking medical attention and belated diagnosis by both emergency department nurses and physicians. 13 In our study, younger women in Canada more often had a longer prehospital delay than men. Our data may suggest that recognition of atypical symptoms among younger MI patients may be better in Sweden than Canada. 14 Diabetes was also considered among explanatory variables, given findings of a worse outcome in women with diabetes compared to men with MI. 15 In both countries, diabetes was associated with less use of reperfusion therapy but there was no interaction with sex implying similar treatment in men and women. The lower predictive ability of our models (C-statistic) for younger patients, especially younger women suggests contributions from unmeasured confounders. Such factors could include spontaneous thrombus resolution, vasospastic disease, or microvessel disease and may result in resolution of ST-elevation, which could explain refraining from reperfusion. 16 Our data included the admission ECG evaluation, but the subsequent evolution of the ECG is unknown.
Study implications
In the most recent STEMI guidelines, recommendations read that 'both genders should be managed in a similar fashion' and that 'a high index of suspicion for MI must be maintained in women with atypical symptoms.' 17 Our study provides additional impetus for these recommendations and insight into what needs to be done to eliminate significant sex inequities in STEMI care. As we have shown, commonly cited clinical factors do not entirely explain why reperfusion is being withheld, especially among younger women. Therefore, sexand age-stratified monitoring of quality indicators and care pathways to standardize management for both sexes should be implemented in routine clinical practice. Sex-specific guidelines may help to support these efforts. The healthcare staff, the patient, and the public sector need to be continuously educated about sex differences in MI, which would help to reduce any bias in the acute management and encourage earlier contact with healthcare services. 18 
Strengths and limitations
Strengths include the large real-life patient cohort, inclusion of STEMI patients only, and adjusting for important clinical confounders that influence decision making. Also, our model estimates were stable to the inclusion of in-hospital death as an explanatory variable. Post-discharge mortality rates were not available to us for either country which does not allow us to draw conclusions as to the net benefit of reperfusion in these patients. However, other studies have shown that in women treated according to guidelines that outcome is similar to that of men, despite older age and greater burden of risk factors. 19 An additional limitation includes the lack of data concerning the whole clinical scenario on which physicians based their decisions. Databases were not identical for all variables and as such a number of new common variables were created, which may not entirely correspond to the actual variable. Inclusion of patients in the two registries was different as well as the sample size. For RIKS-HIA, patients who were not admitted to coronary care units were not included. For GRACE, although only the first 10-20 consecutive patients were included, this selection manner was meant to capture a representative population. Despite these limitations, findings were similar for Canada and Sweden regarding most of the key messages.
Conclusions
In both countries, acute reperfusion therapy in STEMI was used less often in women than in men even after controlling for important clinical factors. This study underlines the need for routine sex-and age-stratified analyses to guide quality improvement interventions. Future research should make use of mixed methods to better understand the reasons for differences and levers for intervention. Adjusted for variables and interactions found in Table 2 .
